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(54) SEMICONDUCTOR STORAGE DEVICE 

(57)Abstract: /#■ 
PROBLEM TO BE SOLVED: To reduce area of a chip by 
using a TMR element as a resistance element or a fuse 
element or a contact, in a peripheral circuit. 
SOLUTION: A memory cell is provided with a first wiring 
27 which is stretched in a first direction, a second wiring 

26 which is arranged above the first wiring 27 and 
stretched in a second direction different from the first 
direction, a third wiring 19a which is arranged between 
the first and the second wirings 26, 27, and a magneto 
resistance element 25a which is arranged at an 
intersection point of the first and the second wirings 26, 

27 which point exists between the first and the second 
wirings 26, 27, and is connected with the second and the 
third wirings 26, 19a. The peripheral circuit is provided 
with a fourth wiring 19b, a fifth wiring 20b arranged above the fourth wiring 19b, and a second 

BEST AVAILABLE CORN 




magneto resistance element 25b which is arranged between the fourth and the fifth wirings 
19b, 20b, connected with the fourth and the fifth wirings 19b, 20b and used as the resistance 
element 30. 
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[SUM JBaH*»fciJV*T. TMRSE^tSSSt* 

fc*l 4>E>»2 7 iO*lOE*2 7(0±*l:El 
S*U *1 0*|fijt****2 0*|Rl^jSftSfLfc«2 
OE«2 6 »l"X0 r *2OEi||l2 6, 2 7RBKES 
^ti/:i3(7)ESl 9 a t, ^ 1 S^lfS 2 2 6, 

2 7KOilS^20S»2 6, 2 7 0S*t:Ef ? 
*U i2S^30E»2 6, 1 9ai:ftastife«l 
oaAffigLa**^ 2 5 a i £o ^SE3 

£&£Bli. «4 OEiRl 9 b :^4^1 9 
±*i:Et?iifc*5^E«2 0bt, »4 XtfSS 5 
g£^19b, 2 0bBi:EiSn> *4XU f »5 0EiB 
19 b, 2 0 bK:*«**L. aat*^3 0 t LTltffli- 
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1 

tiriBfisi«)Eaio±*tE*e*t, we*i 

4 & $ 2 W7j|6]ScSfo£ 3 fitz9i 2 <OSE^t , 

ITS* 1 2 OEttPQ EEC 3 iifc #S 3 t , 

£j£KEE3*U i»EJ|^;Rtrill3 0E«lK»RSrt.fc 

* 1 ©mausaat** 1 ?-* % &m u 

mum 4 oE«o±*KE«*iifc* 5 vm&t , 

tfrEjMRtffcSWEfcWKEaSiU KTEIMRtfJIS 
h©vvfft*fcLT«JHi-*ilS2©«jK»k»** 

m 1 o^isjKS&s^-fc^ 1 ^ss^> 

ire* 1 oeio±*ksi?*i, utrEfe 1 vjjfttm 

% i> m 2 O^ftKJSft 3 ftfc^ 2 OE&i: , 

*rE* 1 #tf*2 ©EiawotME* 1 acr»2 oeho 

SJjSKE«*it, i»EIISi;fttf*2 0ESlK»ittSrt.fc 

* 1 ©OatiSfl;****- t * A« L , 
lWEJHiaEKHBIi* 30 

1ttE# 4 <DEj»<0-h^^ES 3 it*:* 5 ©Ei t . 
tffE*4;fttf*5©EllllHU=E«3i'U t&BIMRtf* 

2 ©aatisaaft**^ * - £ 

» 1 (^IfiJKjS&Sit*:^ i «ESt, 
«rE*i©E«o±*KE***L> ttfEUSi vUfatm 

fiTB* 1X^2 05B*HfcBiI3iifcJ6 3 OEIIi< 

ate* 2Rvm3 <o&mmv>Mtzm 1 atr* 2 <t>b&<9 

jfc&KEfiSfU 1MEIfl2;fttf*3 0>E*UC«ttSii* 
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fltrse^ 4 OBKOIJCEI 3 titzm 5 OE«t s 
1WrB*4fta r l|l5«>EaHlfcB1I3*U tffE* 4X0*1(5 

2KEfi 2 t *** fc*»#E1M*«T 

fltrE^v-fe^fiBii, 

firEIS 1 oEfc^^KEHSfU tffE* l^ft^ 
ttB* 1 acf* 2 OEtftNOftrKg 1 RO'* 2 <OB&<Z> 

me* 1 o^»a»**^©ftE-*«K««3*ifc 

»3<0E^t, 

ttBft 1 <0«^fift&*fg^OiiaEte«S|5K#fc$*if.: 
SBOESt^It^T'D f ^ J: U»* 

fJE»4 0E«<lO±*CE«**t/:*5 0Ea(lt, 
tiTE*4a.U f ^5<OE^H^Ea3^> ItBtS 4 Stflfc 

tw-ftifrt Lx®.m-rz>m2 <Dm&.i&fc%)mm 

fflKE«$ftfcHa@tt«fc*«*fc¥*#K*«11-C 

tuie^ i oE«<o±*KE«s*t. ttre« 1 

frE#lRW f »2 0EaiMCEIl*#t*:»3 0E«li:, 
WE* 2SO ! t3 fl5E*MOltE» lS^i2 <7)E^C 
^.i:Ef «rE*2»W f *3 0E*K«**iifc 

UK i oaaasa;***^ t zmmi- srn^ 

OtWE» 3 <75E^HvHcS3t3ttTi3 1) „ 

MES2SIKg6t±. 

^4iOE^i, 

i^i4 <DEIftW±*lcES3ix^:^5<OE«li:. 

hwv»fti^i UT-6effl-t-6^2«O^S^** 
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a h ? > *j* 9 x (± tr* * - k t i ? h izMffit &zt 

inxm 7 ] mumm izxn&m usv» k»« $tit z 

* i ©aausaabaa^o-aaKaas*.*: h 5 >->* 

fie 

[a*8 8] 2v»K»a$fLfcgf3©Be*»=»*Sii io 
WE* 2 oa^«tit3c(j*§?f^£WE* 2 coM&^faKffi 

&Emu 2 ©«««a»**?-*je5!i 

KXtt*5B J: fc J: !K lirEJSfit*^ <*>«#l 

* t»fc?*4 £ i t»fti: t4t*a l KEa©#* 
ttEteilgo 

[H*a 1 0 ] WE* 2 Ofi8§tS^^3g^-S-ffifE« 20 

<OKJ£ S-SMfc J: »>, WEffiiit*^<Di£#ttI 

E«^fio 
StX^t LT«JB 

MEW 2 oa*ca%tt*X?-0-a*aa-*-*a 1 

<fc 0 , WES^^JScin/as-^bS-tf* - 1 i^m. t 30 
+ «a**l KEtOfilftEtHtl. 

m«i 2] we* 2 oa&aa&aa?- * we a 

v** h k Ltfff^M, 
WE* 4 coE^tStP^ LTEt?^:i8 <OEai:> 
WE*8 0E&iWE*4 OEiKi: OH 
aa£*3$>fc*au 

* ir -> ? >o*bjS; * ftr v»* i t k -? z> m^m i 

l 3 ] WE* 1 OIMfi^«X? t WE* 40 

2 ©aausstsb***- 1 »* m-vsm iz^m s *lt v» * ^ 
t zftWLk-t&mxm i icE«o#a#E*a« 0 

I»*ai4l WE*2cDE^tWE*5<OE^tfi 
WE*3 <7)E§StWE*4 <DE^i:«i|W)-pgf^ KJgJfcS 

Mis] we* i x tr * 2 oaaussaft* jie^ 

a*« 1 KE*o**#E*«*o so 
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[i*si6] we* i r irm 2 <oa*c&%%*£?- 

«i> TMRlff*^ 

WETMR*T-ti, lio h S-g-fr 1 S h 

^A'S-frANS, X»±, 2Jf<7> h >*/u«-frJf 2 

7] WE*1 OE^tWE*2Xli*3<73 
Ea©— 2T J: »), 1 

io «^K*lX{i*2©#a;6*##&3ft££i£#®i: 

[!**£ 1 8 ] WE«»©* l ©a&igift&aa?- K 

* 1 omS^ffiSti, iO* 1 omcSO* 1 <£>m»fLfitri ? 
E«$ft> 

WEtt£<0* 1 oaftj&ftgbJMET-CttrE* 1 XJA* 2 
tt«l** : f-K:»2<0««*»as#l, -(D^2^m»iE<7>* 

2oa«a#E«**r, 

we* i (ommmk we* 2 <otstt *tt®tt& z t 

20 ciot, fEttt © * 1 oa$ti&ft*b*X?- ctlii 
ttt/cWE* 1 X»i*2 Ott^**ipJgU$tL4i t*#a 
tt4«*ai 7 CE*Q¥«ttEtt8C 
[«*S19] WE*l«OEatWE*2<OEai:K 
kizX*)^ WsiW.^nzXitMWiUzS.^lzm 
« S ftfc* 1 o«jBSa;ai**?o ^ % otElo* 1 o 
aacaaa&a*?- k* 1 x»i* 2 ©#aa*a#&* 

[»*«2 0] WEayijKxii^yyusiv^naastL 
/c* 1 oa««sta»»^-t=» 1 ©a*#*$*t, ;o 

0 * 1 <om«<o* 1 <om.rn.mmm ? *u 
stEttto* 1 ©asasaa&aa^KaE* 1 xn* 2 
«o«a**wcra*ii4 tifca, aeajaKXttawKE 

WE*1 0«-itflltWE*2cDm»lEtti:4-it;«1-^ii: 

nioT, aEeaoaioaftfistsbaa^-jw**^ 

* *t/cWE* 1 xi±* 2 fl5tta**aai$*t* 1 1 
ti-*a*ai 9 KE«o*i#E**i, 

3 [0001] 

l*«oa-r *»aa, ¥*#et)iii: 

#^>t), #IC h V^-^a^Stt; (TMR : Tunneling Ma 
gneto Resistive) |g^£E1i»^-t LTffi^fc^E 
H^fi (MR AM : Magnetic Random Access Memory) 

[0 0 0 2] 

m.*<ntm\ js^, aaEtta^fiur, h>^;va 

(Tunneling Magneto Resistive : J£I.T\ T 
MRtftt) ?rflJfflL/cMRAM (Magnetic Random Ac 

1 cess Memory) > * 'j Hr;i/**JI3g§ii-cv»* 0 
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[0 0 0 3] B33I1, *¥*#E**11 

[0 0 0 4] IH 3 3 IZTFt «fc ? K> kfyh&26i7- 
Ki2 7, 2 8 t**Svncit^4 i d i 
If 7 h*£2 6 t*£i£*7- K*2 7 tOX^C 
TMRf-f 2 5*»E«**l^^4o -c7)TMR*^-2 5 
e 7 h & 2 6 K«8 * *t, flfeSgg|5»± h 5 > ->* 
* 1 4ic^H$^TV»*o -5-LT, h7'/y^^ 1 

4 <OY- hSS^*tBL,7- FS2 8 lc£oTV>& 0 
[0 0 0 5] i«J:TiTMRff2 5l^ 2^«tt 

Jgt, £*l 3H 
SilCioti/^o OS*), H3 4 -9 K, TM 

RSt^2 5li, TSBm^l 7C««i"*«'ftH**4 1 
£, ±SB*® (Bl**-f) ZfrLX^v YB2 6 izlgm 

-rzQ&%&»m 4 3 ztibmitmMm 4 1 tm^te. 

[0006] Btt@»« 4 1 ii, R&m&m t 

&m&mx-mi&2iix:&*). Htfta'-^ifiiKHjesitT 

v»*/;*ifvJiii*tfji4 0 «B$5.fE§5Ui4 3li, 
te&te.mx'mf&Zftxii*), Blt^^i E& Kg? ^ti- 
lt $g£frx-<i> ^^'-"i^ "¥ ,;f:f1 -4 ° iiOiS^IBiSl 

[0007] 035, H3 6 1i, C i 

is«^fi<?5»f®iii^^"to 113 5, m3 eizm-rmmm 

[0 0 0 8] **'J4r;HR-CU\ ■p9£(fPS!<7>**'** 
^ (JLM^py.)^) 1 1 F*3l^(i, ST I (Shallow Trench 

isolation) mmom^mm^i 2 twx.tfNS»t 

3 a 4: o 1 1± 

MOSFET1 4 **L*o 
g£BU 1 _t«5iS&iiiBU 5rtK«i, j&17JS#5<Z>E#ll 
6a, 17a. 18a, 19a, 2 0a««Sft4. 
-f- LT, ttttV 13at*l OE&l 6aJ:li«l«3 
h2 1 atgl?*i, il^ESl 6at|20 
E&l 7atli^2<7)3>-^^ H22 aT-giSStU 
2 0giSll 7 a t»3«7)SE^l SafcliSfSScD^V** 
h 2 3 aT»«Sfl~ ^3©Eil 8 at«4«l 
9 a i 14^4 «3>^n24a Xlg%i21x2> a % L 
T, $4 0E&1 9 a t^5<DSE^2 OatliTMRi 
^2 5t«SHJ. iC0TMRf^2 5li, &fkB* 

5 («14») 4 1, h V 4 2, 

ttftisiw (Bits) 4 3 ttssEsns. 

[0 0 0 9] Lf , TMRtf-2 5 K&£E£*t.l>|& 5 
OEtll 20a»itf?h*26i:**o*4 OEII 1 9 a 
U*«3*tTV»fcv»*S3©E*l 8 aii##^<^7- K 
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6£££1-<&<fc-5KEfi$*t&c r©e->'h«2 6tt 
Sa*7-F*2 7 tO£*JCieBS*i/.:TMR5?l : ?-2 
5liEHS^t Lrfflv>t,tL&o iWTMR^T-2 5K 

t^ttcSltJJifcMOSFET i 4 itxJ -j^ytrm 

^tLT^tgL, iOMOSFETl 4Wy-H»i 
R^ffiLV- K*I2 8 I&2 0E&11 7 aCSfi 

?ntv>*^l©E^l 6ali> Gnd (^7>K) 
&2 9 

io [0 0 10] i<^J: d -fe^Kistt 

[0011] if, TMR«?25i: "1", m 0 n r 

Ki&2 7%.zr\£v 6 cOM^lCtt»E*S£ LTlt^B 

#S:#*^4S*4. iixl-iO, * £ 7 - Ki£ 2 

7 t tf 7 F^2 6tO^D^*M> hS&K&gL.TV,>& 
S^-b;WH^^-&B#<0** s , TMRf?-2 5O$-fk<0 

[ooi 2] :oi, fllxJf, MBM4 l i:B^te 

142 k± nmmztitz h 

4 9, "1" *E«*** 

;yrH, B^@*^4 i tB^.ia^4 3 

5S<^l9, i<OttS-etaix.l? "0" SrEli***-^* 1 
X~£Z>o oil?, MRAM-Cli, ^(O h > * fr&ifL<Og: 
4- " 1 " , "0" r'-^ t LT|E1jg1-*o 
30 [0 0 13] TMR« : f2 5Ctlft*ftfc 

"1" , "0" T-9 *W*ai-r*^l±, M^ffiLV- 

^ "b T M R Sf- 2 5 tMO S F ET 1 4 ^ilLTG n d 
mi 9 irmSit**SEtl-, *^4TMRt?2 5 FbIO h >^ 

I) , "1", "0" 7='-^<0*IJS* T: fT^tt* 0 

[0 0 14] 

[fi^ftLJ: -5 ti-*»H] W ±© J: "9 4 ^ * 'J -fe 

[0 0 1 5] 03 5»i, SaUKSB^ffiinL^^fllx.fc 
mx$>i> 0 113 5 ir^i-i -5 fKltfeJV 3 2 t>a*3 
^ h 2 1 b^LTEigl 6 blc^M^tt* 0 

^aEKgewifitfc^ 1 3 b fiffifitst^ 3 o t Lxmm-f 

ho i 3 OOJStfL^iJi, i£tfc®3 2 b«*M 

J£tS:^ 3 2 b <nmW9<Dij!;J:iz x -3 x . *f--vfW& 
50 **^#<4* 0 iW^*, •7'<08Uffl'fk*l2*i t* ? 
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[0016] 0 3 6«i, mmmmmzy j.-xm^m 
*.fc«-c**o H3 6 izm-fz 1 1*. mm i 3 b*** 

1 «r/^ h 2 1 bt^U«10i»l 6 bizmm. 

sit, wee^i 6 bam2<7)ay ? ? h 2 2 b 

£:frLT*2<DEii&l 7 bUg£c3ft& 0 £CD*20E 
i&l 7 b(45 yfHK (U^-tf-f) i:«i?ii*o -ft 

0 t LXmm-f-Zo £?>4dK, K*©7a-Xff5 
0J4, *f)*.)\< : ffl>tmt£Z>'*?->-?WWLZiiX^ 10 

[0 0 17] *»W»4±E8»«l*»ft-r*feJi>CftSil 
»/h*n?riB 4 *i*#Etti*« * & c t iz & z> „ 

[0 0 18] 

[MW * ME§ft£it 
[0019] *&W<nm 1 oiJLSK «t &¥*ttE1tiea 20 

(4, > -t^ast, iw^'j-fc^gBojSiaKEgs 

E**y »1 0*fil»=HflESftfc»l«>Ei» 

ME*1 «SJSOiSi:Sl?ft, ME*1<d:£IrJ 

lSW f *2OEi»KlcEg$tv/;*3<0Eiai:, ME* 

1 B.XMS 2 oEttMotfTE* 1 2 ©Mio^S k 

TltrE*2XO r »3fl5Ei»JC«as*tfc*l CD 
afctiSStSft**?*: *r*«U «rEJS2Slf»ffil4. *4 
<0E«i, ME*4 coEifc^^KEaSft^SOE 30 
i&fc, mrE*4»0 f JS5OE*«KE«Sft, ME* 4 

hwrtifrt Lxfem-rz>%2<7>&5i&m l 

[0 0 2 0] *»W©*2 0«jSKJ:4**#E1i*« 
14, ^'J-fe-H-SBi, 'J -fc-^SBO/iaKEBS 

titzmm®&utzffiz.tz¥mmmMwx$>-:>x, w 

i, ME* 1 <DEi£cD±;£t;:Eg£ft, ME*l<0:&r6] 
fc*fc4*2©#ffl»=®«S$ftrt:*2<DS!«i:, ME* 40 

1 xtf* 2 <Dm&.m<omu%i 1 svi 2 ©e*©xj&k 

EgSft, «rE*iaw r »2 0E«»-ff«*ii/;»io 

a^sta***-*:***!^, MEJsaiif&s&tt, *4 

OEgt, ME*4<9E»O_t:£KEB£ftjfc*5<0E 
&fc, «TE»4XU f *5 0E«MtcE«*ft, ME* 4 

%.zFms<nmmzmm.$ti, &fcm?xit7i--xm* 
t Lx&m^hm2<nm%&im3km=?-t*&$m-tz,o 

[0 0 2 1 ] #$gi£cD* 3 OMCJ:4f*#E«»l 
li, > * 'J -t t , icoj^'j-k^g&o^jaKEBS 
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E>*'J-fe*gB«4, * 1 Vjjfoizm&Z ft*:* 1 <DEi& 
fc, ME* 1 <DEi&<o±;frKEfi£ft, ME*l<0;frfr 
iJI&&*2cD^faKi££$ft*:*2?>Esl£i:, ME* 

isy f ^2coE^^EssftJt*3<DE^t, me* 

2XEf*3 ©ESUHJOflrE* 1 4>E*0&£C 
EBSft, ME*2;8.U f *3coE>8§Ucgi|i£ft.i>- tie 
4 ») £v»fcJfeJH=*fci» ftfctt&<0* 1 Ofi&ftjgffitt* 
**i:**«U MES£3Ili&Si5»4, *4cDEi&£, M 
E»4 0Ei»0±*CE«S*tfc«f5 0Eaii:, WE* 

4sy r t5(OE»i:Et$^ mmm 4 Rirm 5 <om 
©v»i*ft*fc LTte;Bi-**2<oa^«^m3iti : -i *• 

[0 0 2 2] *?tW<om 4 4 £#i#e«St 

(4, * -t'J -t^SBi, i co^^t 'J -fe;i/gp opiate EB £ 

Ktzmmm&ut*ffittz*mmim.mw.x'$>-ox, m 

E-^'J-fe^Slswt, * 1 CD^IfiJKJittSflTt* 1 (DEI 
i, ife$l <DE&©±;£i;:EB$ft, ME* 1<7>*(p] 
t*»**2<0*ft»cB«S*Lfc*2OEat. ME* 
1 S^* 2 WELCOME* 1 5-tr* 2 cDEi&C95f.6K 

Easft, £ ****** i©«*ttaab 

JMfiTt, ME*lO&^«i/t&#frf<0ME-S8ffl5K 
©TWE«»»fc»«S *ifc* 6 OE^t 7n 

?ycxj4^jt=»a*iir*«?, ME^aia»SB»4, * 

4<nmmt^ f Elg 4 OE8©±*CEt ? ftfc* 5 o 
Elftkx ME*4&ir*5<0E*SUigt::Efi3ft, ME* 
4£U f *5CDEi8U::«M£ft, iSlfi*^, 7o.-X»^ 

[0 0 2 3] #3&9§(D*5 <Ott*.(c4a4 i ##E1t^M 
t±, ^^ev-t^^Pi:, i<Dp»^e'j-b;vgBto®anES$ 
ft>taaii»«i:«rfllx7t**#E«aE«-C*-3r, M 

E>*y-fe>nn4, *io*m]KJiftSit3t*ioE«i 

t. ME*1 OEi^<D±*lcEe$ft, ME*l<o^|6] 
i:»***2<0*iejCSftSft^«f2OE«Lt, ME* 

1 Sy f *2<DE^F^tcEa$ft7 > -:*3^E^i:, ME* 

2 Stf* 3 OEHK©iEi 1 ^tT* 2 ©B«W>£jftC 
Eg? ft, ME*2Sy f *3<OE^H«^?ft7t* l o 

Izmz-Mtebn, Z<om*-Mtebtitz7v rtOME 
*3<DE^#5vnc«^?nri3»), MES2EKSB 
14, *4<75E3St, ttES4 0E«o±ti:ElStifc 
*5<0E^t, ME*4Sy f *5<OEIIF B ^cEg^ft, 

ist4 5y r *5 0Eic«i$ii, «st*?-, 7^- 

Xjfc^-Xtfav^^ K0v»-fft*»4: LTffiffl1-^*2C0 
[0 0 2 4] 
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#t (TMR : Tunneling Magneto Resistive) Sft^r^^F 
fclMWfrf-*: LTfliv»fc«*lfB1I«« (MR AM : Magn 
etic RandomAccess Memory) & Wtiio ^co 

M RAMtli, TMRf?^«x.^p'* , )-bJ^vh9 

co * * 'J -t ;v T u -f co)§ 2 K 3 - VR V -b > * HS&^ 

<ojaia[i]s&£is:tt, fft<o-fejn:7vn7^t^t4 

[0 0 2 5] *»WO*Jfc^B*JeiT»:HBB*:#»lL 

sea- a *a-f -a w+. 

[0 0 2 6] [*10?UIM] *1©«MB«HU * 
BJ8»-C« TMRsSf?* «#fcJlliF- t LTfflv>fciOT* 
[0 0 2 7] 13 1 14, *IS990*1 coHife^tC#&# 

^miW.^w:<om'mmi7^-rc 11214, mmm^mza 

—$v>mmmi7Fi-o m3i4, ^jaiai^gis^istt^TMR 
*^-*3tyii*iR-r*»'S-«) J i i *#SB*siEito-«iJBfiaia 

[0028] mi izm-riiiz, fHAwrpsi©**** 

« UUtVz-H') 1 1F*3K14, ST I (Shallow Trench 

isolation) m^nt^mmi 2 tm^mm^nt 

tkJVl 3 a. 13 b fcj& f jM?«jKJBJS$*i*o 
«1 1±KI4, MOSFET 1 ArfMtR&i^l&mZti 
ho *&te&&Ll l±.<0$MWk \ 5F*3^I4. milium 
5 OEiS 16a. 16b, 17a, 17b, 18a, 1 30 
8b, 19a, 19b, 20a, 2 0b«?irJo 
*Lt\ &ifcJfl3a, 1 3 btf lOESl 6 a, 1 
6bittfl03>?^F21a> 2 1 bt«M?ti, 
IS 1 coKH 1 6 a , 1 6 b tfS2coEHl 7 a, 17b 
£ (40 2 CO 3 V** h 2 2 a, 2 2 bfgigtl> 0 2 
co@EHl7a, 1 7bt^3©ESl 8 a, 1 8 b t (4 
%i3<D=i>7?Y23a, 2 3bt?Sl^ti, 0 3 col£ 
HI 8 a, 1 8 b tm4 (Omm.1 9 a, 19bil4SM 
C3>^F24a, 2 4bT-St?il4 0 -rLT, IS 
4WSS1 9 a, 1 9 b tS§5<Dg£H2 0 a, 2 0 b t 40 
!4TMR*^-2 5a, 2 5 b "Cg^$ix^> 0 icOTMR 
f^2 5 a, 2 5 b!4. WkB** (BBtiB) 4 1 , h 

(^ffittS) 42, assumm (j&ttH) 
4 3 £-c« jssn&o 

[0 0 2 9] £<BJ:}*«*«fi©¥*4ME1iteitU\ 

[0 0 3 0] ^^'J-fe^gp-C**, TMRff 2 5al±> 
"1" XH "0" 7»-^*iE1t , t4E** : f-3 1 tLX 
fflv^it*. -5-LT, TMRf : f2 5 a fc»SE3*L*i& 50 
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5 coBEH 2 0 a 14 e b H 2 6 t ft £o i fc, 04 <OS£ 
Hi 9 a lC«i^£;rtTV>&^IS3cDEHl 8 a 
*7-KH2 7t£t). :otia*7- KH2 7 I4kf 

7 hH2 6 fcw*.»fmx-*-'&.t$Keiis*ts. ;ot 

MRt?2 5 aCt«fti:««S^MOSFET 1 4 

:«0MOSFET 1 4 (Of - h mWi-U^-tii L 7 - KH 

2 8 i£6 0 02COEH1 7 a tt-T v>&v>» 1 
CDI2H1 6 a 14, G n d (^9> K) H2 9 

[0 0 3 1] J§ja0S&gB-ei4, 0 4 coBEH 1 9.bt«5 
<0&H2 0 b t*ft«t4TMRt?2 5blifi«? 

3 0iLTffiv^H4 o C: co&SiSf ? 3 0<O©tn;i4, fl] 
x.14, ^«J:d4*ttTW«Ei-4i4:* f iiriB-C*4o 

[0032] 112. 03 iZT^t X o Sfiu^P 3 0 (0 
SttfllfcSMt: TMRff-2 5 bcolE?!!*- 

^S-f *U£iv> 0 of!), TMRf ; f2 5 b'frit?!l&ft 
(i2) , TMRf^-2 5 bcO^S-^sSI-^i 

t^flS. f/c, TMRlf 2 5 b Zm&mWithW} 
£• (H3) , i0l'ttttf?>o§KJ:4atfi«[OlXC,o* 

[0 0 3 3] 3 0<Ot£tn;i4. TMR*? 

2 5 b co-SB h>**«*14 2coKW^4 

[0 0 3 4] Sfc, Sift*? 3 0cO«gt(4, TMRff 
2 5b coe&t$Jt 41,43 <0&lT;^fa£¥fTXl4R¥*T 

-C, Wtl4, iS14@4 1, 4 3cOfiS-fk^|p]^|sl 
*|^H/»rv»*tt»**i*L, ¥^7^(4, ^tt^4 1, 4 
3cO^-fk^|6]^S:Wco^r6]*[6]V»TV^tlc®«-*l*i- 

[0035] iconic, SB#»?-3 1 X»4«trC?g : F-3 
0i:Ltlv>t>JtSTMR*?2 5 a, 2 5 b 14, fiLT 

ic^-T ;ve-g-«^X»4 2lhv* ^/ft^aijS 

[0 0 3 6] 12 4 (a) , 114 (b) 14, 
&-£#i§cDTMR5g?cDBiJr®lll£^1-o tlT, lSh> 
^^iiOTMRS?2 5a, 2 5 b co*^icov^ 

[0 0 3 7] H4 (a) C^tTMRf ?2 5 a, 2 5 
b!4, fvyv- M101, 3Da83£fi£ttB 1 02, S 
liiStte 10 3, *r»5iatt^ 1 0 4 
m-fk@*^4 1 t. C<O^CH«^4 1 ±ic^?tt/c 
h 4 2 fc, ico h >^;ug-g-^4 2±ici 

ASAttttS 10 5, «*g 1 0 6#«K»«S*tfc«jR; 
ffi^UB 4 3 t^ib^^o 

[0 0 3 8] ra#lC. 114 (b) 1C^-TTMR*?2 5 
a, 2 5 b!4, fV7U- H101, *ZJ$S£«Bttll 1 
0 2 , RSt^ttS 10 3, 3AiKt4^ 104', *S8<4S 

107, mm&m 1 o 4" *ac*«3*i*:&fl:Bara 
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^14 2t, Z<Dh >*-Mg-£-Jg 4 2_hKS£$rt£« 1 0 

5 ' , ^js^ 107, ?s6gi4« 105", m&m 1 0 
6 Tim \zmm s *Lfc«4Me»* 4 3t7)^^4 0 

[0 0 3 9J ft, Z<7)m4 (b) lC^i-TMRm^-2 5 
a , 2 5 b T-(4, SfrffcBJlfS 4 1 rtO&iSttJf 1 0 

4' , $m&m i o 7, mm&m 104' 3Ji 
«jftk , m^mmm 4 3 nottBss 105', mut 
m 1 0 7, &m&m 1 0 5" *$»*«3»#«i:*#a 

t&itT> HI4 (a) i:ftTMRf^2 5 a, 2 5 10 

[0040] 125 (a) , 125 (b) 14, 2Ih >^;u 
g^#£OTMRfR^<0»rffi!2£^-fo JSIT, 2fhV 
^;^iSOTMRff2 5a, 2 5b©««fcov» 

TUB-*-*. 

[0 0 4 1 1 15 (a) CftTMRf^2 5 a, 2 5 
b«4, f>yu- hllOl, Wlll&BM&m 1 02, S 
SfiftttW 10 3, 1 0 4 3 *Lfc 

^ i o«i'ftH*J8 4 1 a t , z<omi <Dmmmm 4 1 20 

a±iZl&J&2iltzm 1 O h >*;Mg£-Ji 4 2 a i, :<D 

ii<oi> >*)vm&m 4 2 a ±KjBjft s *ifctt*ugflui 

43t, ioajRSEflW 4 3±lzM&,2tltzm2<D b > 
42bt, £ 2<DY >.*)\>&%m 4 2b 
±K**SHB14* 10 4, &3ltt1£Ai 103, tDXBSAtt 

1 0 2 , m&m 1 0 6 tfrn^mm ? 2 wait 

MMfg 4 1 b fc^C?^>l>o 
[0 0 4 21 15 (b) C^tTMRff 2 5 a, 2 5 
bl4, f^V- H101, m»S£G813:Jf 10 2,5 

5*«stt^ 103, mm&oa&m i o 4 tmizmm s urn 30 
1 (omtmrnm 4 1 a t , coa-fbH*^ 4 1 a 

±K»«#*tfc*l Oh >^*t^l4 2 a £, iOlg 

1 o h >**m&m 4 2 a ±Kfifflti$j§ 43', mut 

m 1 0 7, 3i&E8ttJl4 3" 0 3/f flliiKioTJIIKSNB 
$ *LfcfiB^fB»S 4 3 t , C 0>B*tRfiJ| 4 3 ilcBfiS: 
?W;f2«l>V^;l'g#i42b!:, £ OH 2 O h V 
4 2 b±(C»fl£fie 10 4', 1 0 

7 , 104", R&ssttJi 103, mmm& 
m i o 2 , « i o 6 tm^mrn $ *t^* 2 osbilb 

(0 0 4 31 ffi, d<DH5 (b) C/7tTMRf?2 5 
a , 2 5 b TM4, &4lEflUi 4 3 *« J&i- £ SilffiSttif 4 
3' , #f&tt^ 1 0 7, 3M8tt«4 3" <D3Jf«jti, 
ft 2 0«1fc@fi 4 1 b rtro&fiBtt® 10 4', ^SStfi 
Jf 1 0 7, SjS&ftJf 10 4" 3®«jti£j»A 
tSiit, 15 (a) i:^tTMRf^2 5a, 2 5 

a u fc -t 1 * o 

[0 0 4 4] Z\<D£ 1 2* h >*JH£-£fllil<OTMR 
f^2 5a, 2 5btfv>Siii:J:oT, lSh>* 50 
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^-^WiSOTMR 3*^-2 5 a, 2 5b Zm^tzWi&k 
JtKLT, I^C^/NMT^^epiJDLTti: §OMR (Ma 
gneto Resistive) it ( " 1 " ttH, "0" tfcHO&Jft 

[0 0 4 5] iOid4l*h>*^»-&fl|jSXa2* 
F^^^iSdTMRff 2 5 a, 2 5 b 14 WTO 

[0 0 4 6] J8tftB5*Jl4 1 , 4 1a, 4 1 bSTO^ 
fE«Uf4 3©fl-«-K»i, 0!)x.l4\ Fe, Co, N i X<4 

r02, RXMn03-y (R, *±5B, X, Ca, B 
a , S r ) * t*<Dmt%9<om. NiMnSb, PtMn 
S b * fc*©*^ 7.9-&&%¥*m\<>Z>Z tibmZ L 

t), Ag, Cu, Au, A 1 , Mg, Si, Bi, T 
a, B, C, O, N, Pd, Pt, Zr, Ir, W, M 
o, N b fc^O^&t£^Sf/9*#^-§-£ tiX^Xi> iv\ 
[0 0 4 7] *8-ffcB*Jf 4 1 , 4 1a, 4 1 bO— gg^ 
fllJ«-r*R3ft«tt« 1 0 30*tfl-Ktt, Fe-Mn, P 
t-Mn, Pt-Cr-Mn, Ni-Mn, I r-M 
n, N i O, Fe2 03 if*ffl^Sii:WiLV> 0 
[0 0 4 8] h'/^;Vf^l 4 2, 4 2 a, 4 2b«# 
i£Rc*4, A 1 2 03 , S i O2 , MgO, A 1 N, B i 
2O3, MgF2, CaF2, SrTi02, A 1 L a 

feO»*'»»cii, RX, IS*, 7.y**»:OTHELTv» 

[0 0 4 9 ] JSL±0«t ^ (C, 'J-t^SBlCi^V^T, T 
MRf?2 5 a4-ieil*?-3 1 tLtfflV>/;i^<Of- 
^<OS#ii*Sy f S!<^t±5L(4, J01TOJ: •? \,zftfrixZ> 0 

[0 0 5 0] TMRfT-2 5 a.\Zy>-9 Zm^&ttWi'k 
(4, \£ y h»2 6X^11^*7- Ki»2 7*IJ?U 
iflP>e^ h*£2 6X0 l »Sa*7- K«L2 7JC-f-^-P 

Ufc*8E«*«>^*«** I TMR* : T-2 5 aK**0, 
TMRff2 5 a " 1 ■ X»4 "0" OT'-^^##iX 
S ft -So 

[0 0 5 1 ] TMRt?2 5 a titzT-9 i 

S*ffii-»-&-»4, TMRff2 5at:o^#4MOSF 
ETH^ONi:U TMRff2 5aKMOSFE 
T 1 4 C0l£^« 1 3 a ^miSS-crfo i fti: 4. <9 , TM 
R»^-2 5 a<Oi&in,m*m*-k "l"Xf4"0"O 

[0 0 5 2] ±E*1 ©*»»®tcJ:fLlf, 
nmam^S 0(4, E^HlcBBfi$a7t:TMR^ : f-2 5 

-c, jgdais]KgBoStn;»^3 0 it 4 o L/;**o 
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x, fc%kmx&fom?ZW>f8.Lx^tz®i*izit^x, 8 

Dt*?3 0O»#Iifll*^*4^*> f-?:/ffi«0 

[0 0 5 3] *{M5K»^ H6K^?-J:dc> ffifWf 3 

ffejf 3 2 bO->- hSStli2 5 0O/v- ht*4 0 - 
©fca, l 0 kn«>«»*©««**-MW*»*»i» 

7 ioCv l o k n nmn.W.v>mnM=f- 3 0 

[0 0 5 4] JWHB»«©ttlfc©TMR** 2 5 

b**?0£fflH-*il*« F*&*totgin;»?-3 0 

[0055] [« 2 <n%msm ft 2 * 

HBSBTtiTMR^OFFi-X^i; Ltffl^fct 
[0 0 5 6] 18 f±, #S§9f<S>ft 2 ©HM0IH8Ktt4¥ 

* ffif it o r <7) * 18.9! 1" -2> o 

[0 0 5 7] ft 2 0«fc»»K«*«JMia«)*«»B 30 

[0 0 5 8] ®ffiiaB«Pt?»i, ft4<DE»l 9 bif 5 
OE&2 0 b^ittiTMRS ; f-2 5bli7a-X 
0 k LXmm-fZo 7a-X^5 0 i: LTWflJ 
ffl*fe«±. TMRff2 5 b KBfae'ttiJLtOTfcSjtSrciE 

ifiX*"}, TMRf?2 5 b OffiSU±teT U TMR 
2 5 bC«»* , illE*L*< ft4o i©iii:, 7a- 

[0 0 5 9] ±Rft 2 OjgttJgStc X till. JiaiM 
<07a-Xff5 0li, EiaratCESSii^TMR^ 

&Sii-C7a.-X^5 Oi^LTV^^fiejfclcJfc^ 
[0 0 6 0] B9Cjj*i-J:?fc, ft 1 ©£ so 
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HI 6 b t ft 2 OB* I7b*3>**h22b T-g^ 
U I2^H1 7 bOFFa-X7 7 *-|Hll&fcSM*1" 

U ft2WHiiS^-Cti. HI OK*-*-*? 
IC, ft4<9Ei&l 9 b fcft5<OE>&2 0 bfflC7a-X 
»f5 0*ffit$^ *5 0E*2 0 b*«y»IUttU» 

[0061] [ft 3 outfits] ft3 oms^sui* > 

v ? L COT** 4o 

[0 0 6 2] 12 1 1 it, *f§93<Oft 3 e>mW&&K&2> 
x, ft l H*©«*ttKiH*4ir*U 

hm^z-D^xn^mm-tho 

[0 0 6 3] »3©H*JIME!K«4«*«*0###E 

£ <D * * 'J -b ^§5 £ SU « -f 4 ^ a 0 6&§B i: ^ <b £ 2> „ 
[0 0 6 4] >-=eV-t;vSST»i, ft4«DEi&l 9att 
K*2 7tOBOE*Xtfi<t4iii:i 

[0 0 6 5] fiT, HfflB]»a&o— * 'J-fc;vgB 

7 - K»2 7 tWJ&t 4* 3 OE« 18b' t*4Wffi 
tl9bBoeiXt»ti:jB<4*. z\<Dtz*b. ft 3 
<0E*ftl 8b' ft4<7)EHl 9bt, iix^ft3. 
ft4<^E^18b' , 1 9briOMl 5tt*t^ 
6 1 **^jK$tLJ& 0 icO^> f 40ESl9bti 
5 0ES2 0 bt4-«ltSTMRf?-2 5 bfinv* 
^ b 6 0 k LXmm-f &o :;t> ft 5WSS2 0 b 

fi, tone (H^*i*) ics^^tLSo 

[0 0 6 6] (S. TMRSf 2 5 b<^>«tiL»i, — jRWt- 
1 KQ • //mZgStiSi*, 0flx.»f 1 0 On • /amz 
^=1 Ofi • ^m2gflEHTtf*ii: feBTt&TNfe&o 
7t», TMRff2 5b*3>??htLt+»ffift 

[0 0 6 7] ±Eft3 0Hife^^J:nif, JSjaEBSB 
O3'/^n6 0li, EifcMKESSftfcTMRSS^ 
5 bT-®fig;^tt-i, 0 i"4*)*>, ^-^'J *.)\>Ukm2im%i 

&Ifc<Dfcv>Ei»1Sigri*!!3g-e#4o ZOtzft, *v7W 

moyWbtm&kitix, 
[0 0 6 8] 5t>tw, >* , ;-fe;l-gB(C*5V^Tft4<7)Ei^ 
1 9 a tt^ii*7- KH2 7 t WHcoSgStX ZW < 

atiitcioT, mm.m&mz**'*^? 6 1 
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[0069] w.z onnMm-cii, ^ > ? ? h 6 o 

S.^5<OK^2 0 b ^^U^-f^v? 6 1 Zib<Dm 

£ii£v> e tajxJ4\ * * V -t )i<U<Dtj£Wi.m 1 3a, |1 
71S^3cOKm 6 a. 17 a, 1 8 a 1 7JM0 
4©3»^F2 1S, 22a, 23a, 2 4 a Srjga 

4 OEigU 9 b K:«ij£-f £0 £*UC4 0, 6 
1 £&ffeJf 1 3 a IzmWi LX i> 4 v>„ ft, £ <0i§-£\ * 
tAy^61tt, 3>?^h60Sy r i5<7)EiS20b io 

[0070] im4 (D^mwrn] m 4 (omm^mn. ± 

[0 0 7 1] El 1 2 TSmm 1 4 14, *%W(Dm 4 co^Jfc 

i*siK#*¥*#f5iii£fioi£frMH£^i-o i4«ti 

Affile j3V>T, ^175S*3 0*ife^i:(^«<D*ag(± 

[0 0 7 2] ^'J-tr^gBJi, EUSt^ 1 i: LTI^ 20 
f.tl4TMRff2 5ai:, P MffifWf 7 1 t NS&ffc 

^7 2i*f>4if-ft- K7 otfmm^mwiiztir^ 

ho fLT, K7 O^tt^aiLfflco^W •;/ 

[0 0 7 3] ii-e, ^^-;f>^fftLT^t- 
K7 0Jffi^i^ TMRf?2 5ai:iigl<DHi 

MRff 2 5 a lc##&f *i7t^*-;?o|f*ti}Li4, £ 
OTMRf? 2 5 a IzS^^tL^^-f K7 0 KSSE 
;9*lfLti&4 Mc^M T*«JE£pgU TMRf?2 5 30 

[0 0 7 4] SaialK^fi, 0175M0 3<7>il;5£Uiti 
|S|«0«5iT-*-l>c of I), Hi 2 K^-tJ: 0 4 

WE^l 9 b tm5<Dmm2 0 bt^glf&TMRf 
^•2 5 bJiS^KT-3 0 t Lxm^htiho itz. Hi 
3 IC^-Ti ? 04 1 9 b tH5(OE^2 0 b 

t ^itt*TMR*T-2 5 b W7a-Xf^5 0 t L 
T#IJffl£ft£o HI 4 K^-tJ: Mc, ^3<oge^a 

18 b' t, 0 4<75BEi£l 9'bi, .1*1^0 3, |40 
E«l 8b' , 1 9 bffi<7)mmmi 5 40 
6 l^^^^^o C<0^, 04?>ie*tl 9 b £05<D 
ES2 0bt^«St^TMRf^2 5bli, 
h 6 0 t LTfUfllSft&c 

[0075] ±120 4 ommmmi- 4 *u* , 0 1 75^0 
3 ommr^m t mm^» *■ * * c t § 

& o 

[0 0 7 6] SkK, »4©5IJ6»J8T»i, fR^fcULffl 

yf-yyjft-t Lxr-i K7 0 £fljv>rv>a 
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[0077] [* 5 ommmm] 0 5 omtiggti*. ± 
mm 1 75^03 cDHi&^tcisit* ^ * >; -fe*as©«j6 

**JBLfc<>OT*»>> K*tfJL-fflC9.X^ •.y^^fJf^- 
fc^rK, t*y hiBl&tf?- KfeO&j&KTMRX?- 
*«ES S tl ti <Dm?k X h Z> o 
[0 0 7 8] Hi 5 7!;3§H 1 7 14, 5 <7>f£i£ 

[0 0 7 9] **V-t*mt, lf7 MS2 6t7-m 
2 7' fc©£.6CE«iff^-3 1 t LXm^btlZTMR 
%k=f-2 5 a#Efi3*u i<0TMRf?2 5alJt:*7l- 
^2 650 I 7-m2 7' K*tl-e f *l««$*tTV»&o 
Ci-C, fcf hi&2 61^7- K&2 7' 14, l*ffiL 

[oo8o] z<d£ $ t£7.4 vT-sym^zm^z^m 
TMRif 2 5 aizitmi<nmt&mmtm^<o^m 

X7-?&m£&$tlZ> 0 fit, TMRSf2 5ai: 

a Cgi? JDt e* 7 H 2 6 51^7 - m 2 7 ' SriliR 
LTTMRtf2 5 a <0«^. L, TMRf^2 

5 aOgtfi^g^fjE^Ui-ti tt'J; IJll^^it^o 

[0081] mmm&wt, m 1 7iM^ 3 <ommMmt 

m$i<omikX3b2, 0 oft), HI 5 IC^-f J: 3 ®4 

oe»i 9 b tm5<omm.2 0 b tzmm-t &tmr% 

f 2 5 b J4Stn:»^3 0 t LTfflv^tt^> 0 ff-, HI 

6 tc^-T i 7 ^, ^4 <DW.®l1 9 b i^5 OSS^2 0 b 
t!:fit4TMRf ; f2 5 b 14 7 i -XJSI?- 5 Oil 
TfUffl^it^o ttz, HI 7(C^-f 4-5t", SS^l 8 
b' t, E»2 0 b t, .rti.e>gBi^l 8 b' , 2 0bFI 
OWl 5 6 1 Wj&tiLZtl&o 

[0082] ±150 5 <r>mmrmiz <t <x*4*, nr 1 

[0 0 8 3] *5 0HJfcJgS8-CI4. ^tiSLffl 

[0 0 8 4] [*6 0H»3&«] *6 0Hlfc3g»J4,.± 
150 1 ^»M0 3 OH*»S8twiJ»t« > * >; ■fcA'ttOflljS 

[0 0 8 5] H 1 8 7iMH 2 0 «4, ^^w^ 6 <OHiS 

^!ffi(C43^-r, 017iM0 3<OHife®Bi:ra«cO*3tJ4 

[0 0 8 6] ^* 1 J-t;VSPt4, E1S»^-3 1 i Lxm^ 
btlZ1&m<DTMRm i f-2 5 a^, R-PgfS Kt^KE 
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fi$tL-CV^o #TMRf?2 5 aOlftll 

/f 4 1 l±T«*«l 9 a-C**$ft. ^TMRf^ 2 5 
aO«$t8BSS4 3 ttlf? h»2 6"C8HlSftt^4 0 
TSB«® 1 9 a £$tF«3 LTTMRST* 2 5 a 
*£&^7- K*2 7#**V***iE1IS*vCV> 

>v7^ (B**i*) **«M***U TSBm^l 9ai: 

[0087] roJ: ? 4»MOMO»*, io 
StLfc^&OTMRfg^ 2 5a<7)H. fitOTMRf 
^25 a *cttJ|SloSI*»«li:ra»<0*ftT7'-^## 
^iXStt^o ^LT. fi^OTMR*?-2 5 aK#£di 

[0 0 8 8] Or, »1 ? fr\zi3\t*X. TSBm* 

-£T, ^J«M£*^«^TMR»?-2 5 ai:glO 

R*ttiL*sfc*at"f"o fit, i ogc^mLasa 

*-fe>*H» (BS*f) *w|B««**o -toft. 
ffit^O h 9>^^tOFFS*t«*IBLt*tO 20 
FF £^£ 0 

[0 0 8 9] S20t>f ^;W;:i3V>T. 7- K* 

2 7&V\£y H*2 6fc. JBfttt "1" X«i "0" 

f 2 5 aCffSf-^^t^**ff^o -ttf>3*L 
#Sa*«**rOFF***o 
[0 0 9 0] #cK. ^30f^ ^;w^i3V>"C. Bc^tBL 

TMRf? 2 5 aK»2 0R*HiL«a£*«1-o *L 
Lfe»2 0K^ttJLKifii:* f Jtt!!*^^o 

»iao f *2^«*taL*at* f SEfee>ft»t*ttf 

"1" IlS^2 0S*aiLtt«tL 

TV^tLJf "0" ftt^TMRi?2 5 a 

*2 0R*ttiL*** , SEte^»*t*ttf "0" T-9#* 40 
*lSV*2 0«*ffiL**4 t «-ffcL-Cv^tf "1" x 
-*7^ ftf^TMRf : f2 5 a *i"CV>fc£ 
fcKfc&o iOi^U, tttOTMR»?2 5ai: 

[0 0 9 1] ^Ot, $4OT^ * ;Kii3V^T. ft*<A 
TMRf J f2 5aC>f-vt^ OSJW) ttKintf- 
*iq5tf#&3&S*L* J: -5 7- K*2 7S^tf v Y 

[0092] mmmmm^ mubmrnscommmmt 
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<0E«1 9 b t%5<D$i®L2 0 bt*8«tATMR* 
?2 5bligffif^3 0^:Ltfflv^fL^ o itz, mi 
9C/fti:^:> «4«1 9 b£fS5<7)E*§t2 0 b 
TMR*^ 2 5 b»i7i-X*?-5 0 t L 
•CfiJ/BSft&o 0 2 0^^^:. $&3<7>ESl 

18b' JMOE*U 9bt, £*ifcjfc3. 
ESI 8 b'. 19bn<7)«15^^^t^v^ 
6 l#»ft**L*o iOlgx «4tf>E»l 9bi^50 
E«2 0 b t*««t*TMR*? 2 5 bli, X>9 9 

h 6 o t Lxmmzti&o 

[oo9 3] ±mme<Dmmmm^xtnf, musmm 

Z) o 

[0 0 9 4] Sfcfc, * 6 ©**JB»TN±. — CXOTM 

[0 0 9 5] ffi*mffi**«»wftT*-*4it4 

nrHgf* 1 ?. -?-<£>53\ MRJt#iv>TMRff 25aJ 
JBv»fci>, MRit^«t/L'(i<OI?C 5 o§^#*TMR» 

A'iMtiit^iSo tot, jrf^'J-fefl'fcS&SB 
K(:EtLitMRAMSr*a-Cl4. 

[0 0 9 6] »6©IIJfi»l!IK*»t4«*aiL» 
ffcK J; til*. » 1 W-i ^;i/T-b v^UKKSEttS^-Jt 

* 0 iOidt-x *6 0|«(Bgl8KJ:n»f, "1", 
" o " r- 9 * *iJ5ei- -S "7 - ->* > * +^?tiS r* § & <£ ^ 

[0 0 9 7] [i7<Oi»ffl ^7cD«M^S«i, ± 

»r feitfc» i oa^«dgr-**„ -e-L-c, -o^icoa 

jB|JlS*x.fca3»OTMR*?-***?>JK:*«S 

v>TV>^> 0 

[0 0 9 8] 12 1 Tbmm 2 3 l±, *%?g<0» 7 <0|lift 

[0 0 9 9] ^*'J-b;l-g&li, ^ 1 7iM^4 OTMRI 
^•25a-n ( n = 1 , 2, 3, 4) 1 1 
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MR*?2 5 a-n*»ityijKig«3*i.TV>*o ft, 07 
<0||J6^!g-Cli. 4-2<DTMR|f2 5a-n^i*i 
4j , fc»'&*«C*»rTv».&jJ«, TMRf?-2 5 a-n<0 

4otfDTMR«^-2 5 a - n *«*±»ffc»#*«fc* 

[0 10 0] glM^4(DTMRSf 2 5 a - n 14, 
hi&2 6-n fc*#ii*7- KS2 7-n 

MR*dF2 5 a - nO- SjS8l$K»4T8&Ei& 1 8 a - n* 1 io 

mmzti. mi7b^m4<oTMRmi-2 5 a -n©« 

g&KI4±gBK*£ 1 9a-n7i ? Sa?titv>4 0 

[0101] f LT, 01 OTMRff 2 5 a - 1 <D±. 
SBEigtl 9 a - 1 t§2©TMRff 2 5 a - 2 WTSB 
SEigll 8 a - 2 i i4, =»>**h81a-l, 2 3 a- 
2SyE»l 7a-2^LT, tt«**lTV»«„ 0 2 
OTMRf?2 5 a - 2 1 9a-2i03<O 

TMRff-2 5 a - 3 WTSBKiiS 1 8 a -3 £14, n > 
* * h 8 1 a - 2 , 23a-3 StfKigl 17a-3*^ 
Lt, ggHTV>5o i30TMRff2 5a-30 20 
±gPI2^1 9a-3ti4<OTMRf?2 5a-4(OT 
SSKM 1 8 a - 4 i: 14, 3>^h81 a-3, 23a 
-4X0*12*1 7 a-4*^LT, SS?^iTV^„ 
[0 10 2] Sfc, 01 OTMR*^2 5 a - 1 <T>TU 
52* 1 8 a - 1 ICI4, 3>??l>23a-l, 22a, 
2 135^817 3-1, 16a^U, i*lliL 
ffl©X-f-yf>^f^SMOSFET 1 4 tftgWiZ 
*irv»* 0 *.4 0TMR«f2 5 a - 4 £>JbgBKi& 1 9 
a - 4 £14, 3V^?h81a-4^LT, K^tbL 
If? 1**8 2 a)ilS?ftTt>5 0 HC^!l^^$ 30 

*tfc0 171^04 OTMRSH^ 5 a - n (4, 
fflO^^f f f->* r * : f-»y f H*tBL7- K*8 2 a** 

[0 10 3] o fcffismitow^, E8IXM3ii 

£0175M0 4<OTMRSf : ?-2 5 a-n«net«T 

[0104] ^amKa5t4, giftSJitsojEjraatfc 

H*0«afC**o f), 021 d K, 03 

<OE^l 8 b- 1 t^40ffitl 9 b- 1 40 
f l<0TMRf?2 5 b- 1 , 0 7<7>@S*1 8b-2t 
0 8<DKf|l 9 b - 2 t«-SitSt2<OTMRf^2 
5 b - 2 , 01 1 <9Ef 1 8 b - 3 t 0 1 2 OgEjjg 1 9 
b-3t^glt^f3©TMRff2 5b-3, 01 

5 ose* i8b-4tii6 <omm. i9b-4i *mwt 

t4i4©TMRff2 5 b - 4 14, «fit*^-3 Oil 
xm^hti&o ttz, HI2 2 tC^tJ: n K, 015 
8l8b-4tf 1 6?>S2*1 9 b-4 timm? <2>T 
MRSfT"2 5bl4, 7 i-Xff 5 0 <fc LTWBStt 
4. ifc, H23C*tJ:^i:, »MOB»17b' so 
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-4 t, 01 5<0E*1 8 b-4 i, ;ftf>il4, 0 
1 5 <£>&* 17b' -4, 18b-4 F^O^M 1 5 t 
H*lr/<y? 6 1 A^EKSi-i&o -<Of£, 015<DS2 
Ml 8 b-4 i: 01 6<0&*1 9 b-4 tt««tiT 
MR*?-2 5bl4, nv** h 6 0 £ LTflJffl£fi..5>o 

[0105] ±K0 7 nmmmiz x tin , 0 1 uit 

-So 

[0 10 6] StC, 0 7<^Hife^r-(4, — OCOTM 

[0 10 7] ft, f-*OfiE*aiLffltf>;W -yf>yf 
^liMOSFET 1 4K&g££;K.-f, 0!l 14*^ * - K 

[0108] [08 (onmj&mi 0 8 (n$mwm\±. ± 

IS0 1 75S0 3 <£>#lifcIJSn::.}3ft* > * V -fe/HCOflHI 
ZmJ&Ltzi><D-C$>t), TMR^hWI^|6m||^± 
»ffeftfc»2 0»JM|j6"C*4. fit, i©»2<Of 

mm&\i. »»**tfca»oTMR* ; j-*«*5ijn«as 

ttT43<3, i<03i£?!)«St?it^:TMR* : ? L (4tt*mLl;* 

[0109] 12 4 7b^.m 2 6 «4, 8 <D^M 

»»»Ci»v»r. 0175M03OHJS^fflt|^«£O«it{4 

[0 110] >*'J-ir^SPI4, *lM»4WTMRf 
T-2 5 a - n 1 1 -LK«/f |S]K«*Jilf 
e>*L, ilitiilMf 4©TMRff 2 5a-n#l 

^Jtcgf^sa-rv^o ft, 08 oiiig-rii, 400 

TMR»T-2 5 a-nSr«*Jitf7t*-g-*^|H*)lf-CV^ 
a**, TMRff 2 5 a - n <0»I4 £ *UCEB5£§ *L-fv> 
(ofiotUv^ JilTK, 4CWTMR*f 25 a 

[0 111] ilMS40TMRf ; f2 5 a-n(4, 
mh&Z-K'v h*2 6-nifl^7- K*2 7-n 
kV>&£jz*ii?tiEiW.2tiX^2>o 0175M0 4OT 
MRf?2 5 a - n<D— S8S&4CI4T8PE* 1 8 a - n ri s 
8M£S*U ilM^4iOTMR«f 2 5a-n©tS 
SKIi-L«E*l 9 a - n^«^$ilTV^ 0 

[0 112] tUT, ^10TMRSf2 5 a - 1 <DT 
§BS2* 1 8 a - H4, =»V**h81a-l, 23a- 
2X^1 7 a-2 S-^LT, |2©TMRS?2 5 
a - 2 «DTSIS6E* 1 8 a - 2 K#M$$fvtv>.& 0 i<7?0 
2 OTMRt ; F2 5 a - 2 OTSBE* 1 8 a - 2 14, n 
>*?h81a-2, 23a-3 StfE* 1 7 a - 3 £ 
^•LT, 03<OTMR^2 5 a - 3 OT»E« 1 8 a 
- 3 C«S?iltV^ 0 Cl<7503<OTMR#T-2 5 a - 
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3 «>T»E« 1 8 a - 3 li, 3>^M81a^3, 2 
3 a^XtfEffil 7 a- 4 £^LT. »4(7)TMRf 
^-2 5 a - 4 OTSBSfiiSU 8 a - 4 £*«S*iTv>* 0 

[0 113] ffe 1 OTMRff 2 5 a - 1 0±SB 

Ettl 9a-ll±, 3>^h83a-l £^LT. ft 
20TMRfT-2 5 a - 2 <0±£&KH 1 9 a - 2 
SflTV^o :o»2©TMRt : f 2 5 a-2 0±«iE 
flll 9 a-2ii. 3>^^h83a-2^LT, J|3 
OTMRSI^ 5 a - 3 <S>_tgBB2i& 1 9 a - 3 KgNR9 
ftt^io £<D||S3^TMR*T"2 5 a-3 0±.»E* 10 

1 9 a - 3 li, 3 * h 8 3 a - 3 *4hL-C\ *4 <A 
TMRSff 2 5 a-40±«SE»l 9 a- 4 £&R3ft 

[0 114J 3^ il^TMRfT-2 5 a - 1 OTSB 
Ettl 8 a- 1 3>^h23a-l, 22a, 

2 1aMESl7a-h 16a?:^Lt, I^ffil 
m<DXJ ^f>/*?"t*4M0 S FET 1 4* f SM*S 
tiTV^o ®40TMRfT-2 5 a-4<0±SBE«Rl 9 
a-4KfcU r7>^^h81a-4 Sr^LT, i^BL 
fcf? F«8 2 a«^Tl^ 0 feoT. ^JStt$ 20 
*tfc*l»M*4C0TMRSf : f-2 5 a - n R*fcB L 
fflO*>f 7f>^f™^ffiL7 - K*8 2a« 

[o l l 51 5 ftSMH**o»<fi\ at^JS^^tv 

/zmiJbm^4(DTURm i f'2 5 a-nOnttf^)T 

[0116] mmm^wi. mi7bm&3<DmtbMmt 

H*oflfcft-e*£o H2l KSrJ- J: n K> *3 

OEgl 8b-l ^40ES1 9 b - 1 30 
SlOTMRfi L 2 5 b- 1. i7(7)E8l 8b-2t 
|8«1 9b-2 t^lt^i2(7)TMRi?2 
5b-2, *1 1 <7>B£jj&l 8b-3t»l 2 OEM 1 9 
b _3it8Kt-5*30TMR*f2 5b-3, *1 
5 OSS 18b-4i:I16 OES 1 9 b - 4 fc £«M 
t4»4«5TMR»f 2 5 b - 4 tt. ®Sl*^3 OtL 
Tfflv^tL^o i fc* H22 9 *15 tf)E 

Sl8b-4^1 6 OSES 1 9 b - 4 t & T 

MRltT-2 5 bli, 7a-X«f 5 0kbtWiStL 
£ G H2 3tc^-fJ:^H. ftl 4(7)^1 7b' 40 

-44:, »1 5^)Ml 8b-4^ £*i<b*l 4, ft 
1 5 OEt 17b' -4, 1 8 b - 4 1 5 t 

6 1 ^JBJSStt^o £OHK ftl5£>E 

• I8b-4t»l 6 0gB^l 9b-4 t£&ihh£T 
MRX?-2 5bli. n>** h 6 Ofc LT*UJHS*i& 0 

[0 117] ±E*8 0«»ii:J:Jitf, *17!>Mft 

3 OH*JBJR t * * *t-T*L» 4it *»T § 

* O 

[0 118] Ht:, ^8 OHJS^ffi-Cli, -OOTM 
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«©JMrlH»* $ <b km*-*- & - 1 # *» 

[0 119] «, f-?OS*ffiLffl©^'f^>^I 
-7-I4MO S F E T 1 4KRJg*iff, Wittf^ *- K 

[0120] [* 9 OXJti&Sl] « 9 Ogitt&ffili* ± 
C* 1 3 0«ttUC«tti> * 'J -k>u«©«a 

^^LtiOTi.^ TMR# : f-**8tS*loHca*.± 

ittaiK»«S*i-ciJiK HJlSiifctHkoTMR*^ 
[0121] 11 2 7 2 9 14. *§&W<om 9 <£>H*fc 

[0 12 2] ^^'J-bJl-aSti, flMf 4©TMR* 
?2 5 a - n ******* 1 1 ±K««*lR»C«*±»f 
t>jiTV»-& 0 «, s&gofyfcJgSiTMi. 4o(DTMR* 
f 2 5 a-n*»*±»ffc»#*«C*»f-CV»*5j», T 
MR«f2 5 a-nO»J±iiiH»3eS*Li'v»<o-C* 
,tUv>. mTtc, 4o©TMRf^2 5a-n«-t 

[0 12 3] f lMi40TMRS^-2 5 a - n »i> 
tf? 6 - n i:**a£*7- K*2 

IC-f-n-rnES^itTV^o £ 1 ^>M^4 WTMRf?- 
2 5a - n<0— JggBK»±TSBK& 1 8 a - n 75*«igc S *t 
TV»4, f Lt> ^lMi4©TMR*?2 5 a-n 
<^T§1SBEm 18a-nli, aV??l-22a-n > 21 
a. 8 1 a-nSO'SEiil 7 a-n^Lt, tt*tBL 
m^XJ 7f>mt*iMOSFET 1 4 K&MS 

RfTf- 2 5 a - n *4, Steffi LfflO* > ^ > ^St^fc 

[0 12 4] £©*?4«JMIiI©»"&\ ^175^314 
OTMR*f2 5 a - n <0 *.€jg<OTM Rsfc^f-Ktt, 

*-*f 7f>^T*4M0S FET 1 4 14. »*±tf 
c>tL7t^l^;SH4<OTMR# ; f-2 5 a-ntMt4 

[0 12 5] ®J2HKS6*4. ^lMS3 0«IiSt 
H«<0fl}jg-C*& o oJO, @27 C^f i "5 » 1 

8bt*l 3AES2 0 b-4 
TMRff 2 5 bl4, 3 0 t Lrm^hti&o 

ttz, 128 tc^-r 4, -5 IC, ^ 1 2 CDE!§1 1 8 b t%i 1 
3<OSE^2 0 b-4 t^t^TMRff2 5 b (4, 
7a-Xff5 0 t LTfUffl^ix^o fJt. 029 IC^ 

-r 4 s « i i <n>m.& i7b- - 4 1 , mi 2 <d%z®. 
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i8bi, ztLbmi mi/mi 2coee^i 7b'- 

4, 1 8bHO«SRl 5fc*f.*t^>?6 1« 
£01^, Hi 2©E^1 8 b tmi 3 06B&2 
0b-4t4'gItl.TMRt ; f2 5blis a > ■? ? h 

6 o t LxmmztiZo 

[0126) ±eh 9 qxhbembc t tin. m i nmrn 

3 OS jfcJ&St t m&<0®%: Z>Z.kit-Q% 
[0 12 7] $ bK, m9<D£ffi&m-eit. -OOTM 

[0128] ft, HI 2 7 7iMl 2 9 K^-f WitT'li, tf 
? hi&2 6- nliMOS FET 1 4 <Ofr *)V&tm— 
«9:£|D]W&gE$-£> *§ii*7- Ki&2 7-nliMOS 
FET 1 4<Dfr**-B:tlil2 9 0Bt~fh L fc^lfiJKJS 
t?*tv>/:. L*U H9 0HM2)iKii</>-C, tfy 
h^2 6-nSU f t#M7- KI&2 7 - n OS&^ft 
SrRWcLTk iv» 0 -T&fc*,, HI3 0 75M13 2 IC^ 
-f<£Mc. tf-7 2 6-nliMOSFETl 4 O f- Y 20 

7-KS27-nliMOSFETl 4 */l/fifc|SI 

[0 12 9] ifc, f-^OS^Lf©^^ 
StiF-JiMOSFET 1 4KRjgS*tr, «it»f# r 'f*- 

[0 13 0] *-©4fc, -tE#SSJfc«JBC|»j£ 
S*L*t©"rB4f<» Hife&|srC(i-?-Ogi'£-&ffi£Lfc 

Eit3r?-3 1 i LTTMRSg^Oft*?*) Id, 2ooifi 30 

(Giant Magneto Resistive) *-f-=Srffl V»T t J: V^ 0 £ 
fc, i^HiLffiOX'f yf >/f?iLTlv^;MOS 
F E T 1 4 Oft*? IC, I'is^'i sK- * 

[0 13 1] St>K, ±ESt*®S8Klia*0S»03l 

mmmmztixis. lj: ? tt^sioti 40 

[0132] 

tSL&m-rmwmc 

[H2J *«WO*l©Hit^SRt:«te*), TMR*^- so 
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s- fi?y««i- « it-^o* mmmmm * m m eo. 
&m m o t m r %=f- $■ mir mmm 0 

[17] *3SWOHlOHM»SIK<J&:b**ig#:EtiSg 

ins] *mw<Dm2o&ffi&miz&t>2>*mittzm& 

ii£^1-»fffilo 

[19] **¥SM*Ett*«**i-¥EHo 
in 0] *5kw<om 2 <Dnm : j&mK%t> 
mw.*m-rmw® 0 

[Ill] *!6WO*3<0||Jfe^t;#fc&^«:fE« 
^64-^1- ©fffilo 

[112] *^i£OH 4 OHJS^tU;: Hi OH 
J&USIO * * 'J -fe ;ug&£ L &¥*#Ett»a * ^1" 
Kfffilo 

[113] *»«©*4©£Jft»IRK#*>»K f2©S 
JfcJ&SlO^'J *;i/a*£?£LfciMM£E«£fi£jjr*- 
BfSlo 

[11 4] *&w<om4<om.Wf&mz%t>*), *3®s 

»fffilo 

[115] *f^^5 0S»SC#tot), Hi OH 
WSlo 

[116] *5&l§OH5 0HiS^SlC#*3>), H2 0H 
MB® o ^ * »; -fc /uffls * S£ l /i^##SB**« 4 ^"f 
BfBlo 

[117] *%BjOH5 0HJfe^^#t>IJ. H3 0H 

gffffilo 

[118] *»^o»6 0*J6JBffltc«te»), Hi OH 

Kfffilo 

[119] #f£Bj0H6 0HM^K#;b»K H 2 OH 

[12 0] ^B^OH6 0HMM!^tC«^l9, H3 0H 
Ifrffilo 

[12 1] *f|^oH 7 oH*fe^^#t? »J , H 1 OH 
tBfBlo 

[12 2] *5£W<Dm7 <DmmMBJz&t>*), H2 0H 
SfMlo 
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[EI 2 3] *&W<nm 7 <r)%m%m^'&t> *) * %"3><r>% 



[[22 5] #f£l^<0$il 8 OflM^K Sg2<75H 



[la 2 6 1 *§kw<nm&<Dnt&Mmiz&t>*) , $3«i 
[i2 7] *&m<r>m 9 <onjfe®^^#fc ^ fi <t>* 



[122 8] #S£93£>ll$9<92lifc®®t::#fclK »2<7)^ 
[122 9] $^^9 0iaili:Sfc*), *3<7>* 



[B3 0] *55WO*9«)|Elfc®J8wSC»«K«*>»J, 

«*^-r»f®i2io 

[123 1] 9 §©'^f fl Kite ^ 

[123 2] ##|BJcDlil9 0HMB®O^JgWCi*?*K 
[123 3] (£SM£#mJ:4**#E**1I*^i-Eltt 

[123 5] 

[#-s§-oS£93] 

[EI 2] 



*40 



17 b. 1 7 a - n. 
18 b' . 1 8 a - n. 
1 9 a - n, 19b-n 



1 7 b 
1 8 b 
. 2 0 
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* l 2-»* : F4MMWL 
13 a. 13 b-t£M. 
1 4-MOSFET, 

1 5-*&ISBL 
16 a. 16 b. 17a 
-n. 18a. 18b. 
- n. 19 a. 19 b. 
a. 20b. 20b-n. 8 2b— EH. 

21a. 21b. 22a. 22b. 23a. 23b. 2 
io 3 a - n . 2 3 b - n . 24a. 24b. 81a-n. 
81b-n. 83a-n. 8 3 b - n — 3 > * * h . 
25a. 25b. 25a-n. 25b-n-TMRS 

2 6 L*? hSL 
2 6- n •••»*&* If ? hl&. 

2 7. 2 7-n-tJW7-m, 
2 7' -**a*XU p R*HlL , 7- 
2 8-R*BlL7- K«L 

2 9-Gnd^ 

20 3 

3 1 -Blt*^ 

4 1. 4 1a. 4 1b 
42. 4 2a. 42b 
4 3-fiS^ISii^. 

4 3' . 4 3" -9ft«tt«, 

5 0-7a-Xt^' 

6 0 — =i>** K 

6 1 — 

7 0-*^ K. 
30 7 l-PfflSEMK 

7 2-NSttfctfc». 

8 2 a-iMl^7 b*. 
1 0 1 — x b/f . 

i o 2-«ojwaiatt«^ 

l 0 

104. 104' . 104" 

105. 1 0 5' . 105" 
1 0 6-«jft«. 
1 0 7-attio 



h > ****** 



[B3] 



[H7] 



30 (25b) 



30 (29a) 



30(2Sb) 




18> 



^ 2f ^30 (25b) 



20b 



(15) 



&m 2 0 0 2 - 3 5 9 



[HI] [14] 




2Sa,25b 



(b) 




j 



— {gg I m y r<) <;< o s ^ 

X V X X X X x X X^iftfl 



41b 



□ 



[01 0] 



— I9b 



' (2») 



-20b 



□ 



□ 
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[0131 




[Hi 5] 

2«20a) 31<25a) 2a> 30(23)) 

■ J— -. ■ . ■ - . ■ .. ■ — ■ i. — 2. J 




[014] 
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1 7) 



1 8] 







llli 


Hi 




P 



26C20a) 31(25aJ 31(25a) 



30(2Sb) 



19a- * 




1 9] 



[B2 0] 



26(20a) 31 (25a) 31 (28a) 
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